run on pepton solutions, and the results in general, were very irregular. Various changes in technique such as increasing the speed and time of shaking, were suggested by those more familiar with this method. These modifications and many others were applied without material improvement in the results. Many foam-inhibiting substances such as amyl alcohol, caprylic alcohol and diphenyl ether were used. The caprylic alcohol, when distilled according to the method used by Bock (1916) seemed to give the best results. DeBord (1923) finally abandoned the Van Slyke method, and states:
Control analyses could not be obtained on a sterile 1 per cent pepton solution when this method was used. That the failure to obtain consistent control analyses was not due to the apparatus or reagents was shown by the fact that consistent blanks were obtained by myself and were checked by another worker in the laboratory. The variation in per cent in one particular series of tests was 18.4. Other series gave similar results and occasional tests showed errors even higher than the one indicated.
It was noted that if four to six determinations were made, two results might be obtained which would agree quite closely. This method of obtaining checks was adopted for a preliminary study.
The organisms were grown in extract broth, and the culture filtered through a diatomaceous filter. Such a filtrate was added to various solutions with a view of testing for enzyme action. As a control 10 cc. of filtrate was added to 50 cc. of salt solution. Another 10 cc. portion was added to 50 cc. of 1 per cent "Aminoid" pepton solution. A third 10 cc. portion was added to 50 cc. of 1 per cent "Difco" pepton solution.
As a preliminary step in the study it was necessary to know the content of amino-acid nitrogen in each mixture before incubation. The attempts to obtain such data are given in the following tables. The temperature of the room was noted frequently and was found to be constant during the time required for making the analyses-about two hours. Two cubic centimeters of the sample was used in each case. Caprylic alcohol 3()8
on September 23, 2017 by guest purified as indicated above was used as the foam inhibitor. The blank on all reagents including the foam inhibitor, was frequently determined and checks readily obtained. The amount of gas, this quantity is given by the arithmetical mean of the series,-this has been determined in tables 2 and 3. As the mean has a higher. degree of probability than any single ob-servation from which it is computed, it is evident that the reliability of the mean increases with the number of observations. This leads one to consider how many observations should be made. It can be shown by the theory of probability that an arithmetical mean computed from n equally probable observaitions is ,/n times as reliable as any one observation. Thus to double the reliability the observations must be fourfold, to treble it ninefold etc.
In any series of measurements taken under similar conditions, it sometimes happens that an observation will differ rather widely from others in the series, and the tendency to regard such an observation as erroneous and to reject it is very great. A good criterion to follow in such cases is the following: Compute the mean, m, and the average deviation, ad (the arithmetical mean of the numerical deviations, the sign of course being disregarded)-omitting the doubtful observation. Compute also the deviation, d, of the doubtful observation from this mean, m. If d equals 4 ad reject the observation. This criterion was applied to a few of the observations recorded in tables 2 and 3, but it was unnecessary to reject any of them. Several other tests were applied to these two series of results and in each instance the results were shown to follow the law of chance and therefore must be included if one is to attempt to measure the reliability of any single observation.
In table 2 it will be seen, if the sign is disregarded, that in six samples the deviation from the mean is between 0 and 2 mgm.; in three samples the deviation is between 2 and 4 mgm. Subjecting the results in table 3 to a similar analysis one finds eight samples whose deviation is between 0 and 2 mgm. and the remaining two samples between 2 and 4 mgm.
One also finds in tables 2 and 3 several pairs of results which are in quite close agreement, and had they been obtained as two out of three observations, many investigators would have disregarded the third observation. Thus, in table 2 samples 1 and 5; and 7 and 10 show similar figures, but it will be noted that the average of each pair of results differs by avery significant amount.
This figure alone might easily lead one to conclude that there had been a change in the amino-acid nitrogen content of a medium.
Sturges and Rettger (1922) using the Van Slyke method on a solution relatively poor in amino nitrogen state: "The possibilities of variation could never be sufficiently reduced, however, to place much reliance on a single determination. At least two determinations were always made, and when these gave results differing from each other by more than 10 per cent, the process was repeated until satisfactory checks were obtained." In only one instance do they indicate the amount of amino nitrogen with which they were working. In that case it covered a range of from about 4 to 85 mgm. per 100 cc. The lower figure indicates a range of nitrogen similar to that in table 1, and it is not surprising that-these workers were unable to obtain entirely satisfactory results.
Wagner et al. (1924) also decided that the Van Slyke method was the one best suited to their problem. That the method was not entirely satisfactory in their hands iS indicated by the following comment: "Occasionally in amino acid rich material such as is used in this experiment, as many as four determinations were made before satisfactory checks were secured." DISCUSSION It is evident from the results given in table 1 and the references cited that the Van Slyke method on the solutions indicated frequently yields very irregular results when the amount of amino nitrogen is relatively low. It would seem that the method is unsuited to such solutions, even if several samples are analyzed in an attempt to obtain satisfactory checks.
When the amount of amino nitrogen ranges from 30 to 70 mgm. per 100 cc. more satisfactory results may be expected. The averages of two sets of paired results obtained in ten consecutive observations on the same sample may differ from each other by a significant amount. In some instances this is large enough to suggest a change in the amino nitrogen content of the medium. If the mean of such a series of results is determined the incjividual variations from this mean are in accord with the law of chance. This would indicate that the errors are indetermiate ones, and therefore the results are a measure of the probable reliability of the method when applied to the solutions previously described. If this method is to be used for the analysis of such solutions it is suggested that numerous portions be tested and the mean determined. Conclusions would not be justified unless a very positive difference was obtained between the mean of the control and test series.
The data reported in this study have received partial or complete confirmation by the other investigators cited above, and, on the whole, it appears that the method is far from satisfactory.
Such results indicate very strongly the dependence of this phase of bacteriology on the related subject of chemistry. We must look to the chemist for the development of new methods or the adaptation of existing ones to the needs of such problems as have been considered in this paper.
